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Objective: This study aimed to evaluate in situ tissue-engineered esophagus in
a canine model after experimental resection and replacement of a full circumferential
defect of the intrathoracic esophagus.
Methods: Two types of scaffolding were fabricated. In the KF(1) group (n5 6), oral
keratinocytes and fibroblasts cultured on human amniotic membrane were sheeted on
polyglycolic acid felt with smooth muscle tissue and were then rolled around tubes. In
the KF(2) group (n5 6), the same procedure was followed, but the keratinocytes and
fibroblasts were omitted. Both scaffolds were wrapped in omentum and implanted in
the abdomen. In the KF(1) group, at 3 weeks after implantation, the scaffold devel-
oped into a tube with a well-differentiated lumen of stratified squamous cells sur-
rounded by a thick smooth muscle-like tissue (in situ tissue-engineered esophagus).
A part of the esophagus was resected and replaced by the graft in the same dogs.
Results: In the KF(2) group, strictures developed after esophageal replacement, with
almost complete obstruction within 2 to 3 weeks. In contrast, in the KF(1) group, the
in situ tissue-engineered esophagus showed good distensibility and the dogs remained
without feeding problems through 420 days. Esophageal peristalsis transferred food to
the stomach, despite the absence of peristaltic activity in the in situ tissue-engineered
esophagus itself. The thickness of the squamous epithelial layer and the smooth mus-
cle layer of the in situ tissue-engineered esophagus were similar to that of the adjacent
native esophagus.
Conclusion: The in situ tissue-engineered esophagus can successfully replace the in-
trathoracic esophagus, and this procedure may offer a promising surgical approach to
esophageal diseases.
T
he current surgical approach to esophageal diseases such as long-gap esopha-
geal atresia and malignant or severe benign disease involves replacement with
the colon, stomach, or small intestine.1 We thought that esophageal regenera-
tion was preferable to esophageal reconstruction with other digestive tract tissues be-
cause it avoids loss of the normal functions of digestion and absorption. Furthermore,
in some cases, reconstruction by stomach or intestine cannot be performed because of
previous abdominal operations. Esophageal regeneration will be useful for such pa-
tients who are lacking another suitable substitute.
We pursued organ tissue engineering with autologous cells to avoid transplan-
tation problems such as rejection, long-term immunosuppression, donor scarcity,
ethical issues, and infection. In our previous studies, we2,3 obtained promising re-
sults by seeding autologous smooth muscle cells on the collagen scaffold for re-
generation of the small intestine in a canine model. The smooth muscle layer
regenerated, but the graft shrank. We considered the absence of an epithelial
cell layer to be one explanation of these results. Ohki and associates4 reported
that implantation of tissue-engineered autologous oral mucosal epithelial cell
sheets onto esophageal ulcerations prevented scar formation and shrinkage. In
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TSAbbreviations and Acronyms
a-SMA 5 a-smooth muscle actin
ITEE 5 in situ tissue-engineered esophagus
PBS 5 phosphate-buffered saline
PGA 5 polyglycolic acid
this study we used cultured autologous squamous cells on hu-
man amniotic membrane with polyglycolic acid (PGA) non-
woven fabric felt and autologous smooth muscle tissue as
scaffolds for autologous in situ tissue-engineered esophagus
(ITEE) in a canine model. We evaluated them after experi-
mental resection and replacement of a full circumferential de-
fect of intrathoracic esophagus.
Material and Methods
Overview of Experimental Design
Twelve female beagle dogs less than 2 years of age and
weighing 9 to 11 kg were divided into two groups. In the
KF(–) group, the scaffolds were implanted into the abdomi-
nal cavity and esophageal replacements were done after 3
weeks. In the KF(1) group, at first, the oral mucosal layer
and blood serumwere collected and the cells cultured on a hu-
man amniotic membrane. After 1 week, epithelial sheets were
prepared, the scaffolds with epithelial sheets were implanted
into the abdominal cavity, and esophageal replacements were
done after 3 weeks. The animal care, housing, and surgery
followed the Rules and Regulations of the Committee for An-
imal Research of the Kyoto Prefectural University of Medi-
cine, Japan.
Human Amniotic Membrane
Human amniotic membrane, which has been used clinically
for ocular surface regeneration, was provided from ArBlast
Co, Ltd (Kobe, Japan).5-7 The amniotic membrane was ob-
tained during elective cesarean section procedures. The prep-
aration of amniotic membrane has been previously
reported.5-7 In brief, under sterile conditions, the membranes
were washed with phosphate-buffered saline (PBS) (Invitro-
gen, Carlsbad, Calif) that contained an antibiotic (5 mL 0.5%
levofloxacin). The amniotic membrane was stored at 280C
in a modified medium (Dulbecco’s modified Eagle’s me-
dium; Gibco BRL, Rockville, Md) and glycerol (Wako
Pure Chemical Industries, Osaka, Japan) in a ratio of 1:1
by volume. Immediately before use, the amniotic membrane
was thawed, washed 3 times with sterile PBS containing the
antibiotic, and cut into approximately 10 3 10-cm pieces.
The overlying amniotic epithelial cells were removed by in-
cubation with 0.02% ethylenediamine tetraacetic acid (Naca-
lai Tesque Co, Kyoto, Japan) at 37C for 2 hours, followed
by gentle scraping with a cell scraper (Nunc International,
Naperville, Ill).The Journal of ThoPGA Nonwoven Fabric Felt
We used PGA nonwoven fabric felt (Neoveil; Gunze, Co,
Ltd., Kyoto, Japan), which has been used clinically in ab-
dominal and pulmonary operations to seal bile and air leak-
age, respectively.8-10 Neoveil felt is a soft, thin (0.15-mm
thick) absorbable sheet that can closely fit to irregular sur-
faces.
Isolation and Culture of Oral Keratinocytes and
Fibroblasts
We modified previous culture methods5-7 by using autolo-
gous fibroblasts instead of mouse 3T3 feeder cells. The
dogs were premedicated by intramuscular administration of
atropine sulfate (0.05 mg/kg). They were then anesthetized
with ketamine hydrochloride (15 mg/kg) and xylazine hy-
drochloride (3 mg/kg) and intubated endotracheally. During
the procedure, halothane and nitrous oxide gas were used
under mechanical ventilation to maintain anesthesia. Oral
mucosal tissues were obtained from anesthetized dogs. In ad-
dition, 30 mL autologous blood serum was extracted from
venous whole blood samples. Oral mucosal samples were
cut into small explants and washed 3 times in PBS solution
containing penicillin–streptomycin (50 IU/mL) and ampho-
tericin B (2.5 mg/mL) (Invitrogen) for 10 minutes at room
temperature. The explants were incubated with 1.2 IU dis-
pase at 37C for 1 hour. Epithelial sheets were separated
from the full-thickness oral mucosal samples with forceps,
pooled in 60-mm culture dishes containing 5 mL 0.25% tryp-
sin ethylenediamine tetraacetic acid, and incubated at 37C
for 5 minutes with gentle pipetting to aid tissue dissociation.
Trypsin activity was terminated by washing the culture me-
dium composed of Dulbecco’s modified Eagle’s medium
(Invitrogen) and defined keratinocyte serum-free medium
(Invitrogen) (1:1 mixture) with penicillin–streptomycin (50
IU/mL) and amphotericin B (2.5 mg/mL) and 10% autolo-
gous blood serum. The cell suspension was filtered through
a nylon cell strainer and centrifuged twice at 1000 rpm for 5
minutes. The resultant cell pellet was resuspended in the cul-
ture medium at a density of 1 3 106 cells/mL (keratinocyte
suspension). After the removal of epithelial sheets, the oral
mucosal samples were minced with scissors, incubated
with 0.1% collagenase I at 37C for 2 hours, and passed
through a nylon cell strainer. The cell suspension was centri-
fuged at 1000 rpm for 5 minutes, and the resultant cell pellet
was washed twice with PBS solution and resuspended in the
culture medium at a density of 1 3 105 cells/mL (fibroblast
suspension). The keratinocyte and fibroblast suspensions
were mixed and seeded onto denuded amniotic membrane
spread, epithelial basement membrane side up, on the bottom
of a Transwell culture insert (100-mm dish with 75-mm
Transwell Insert; Corning, New York, NY). The cultures
were incubated at 37C under a humidified atmosphere of
5% CO2 in air. The culture medium was replaced every 2
to 3 days.racic and Cardiovascular Surgery c Volume 136, Number 4 851
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After the dogswere anesthetized, amidline incisionwasmade
on the abdomen. The smooth muscle tissue was resected from
the anteriorwall of the stomach (13 1 cm) and 3-0 silk sutures
were used to close the defect in the smooth muscle layer. The
resected smoothmuscle tissue was washed with PBS and then
minced with scissors to grainy paste and sheeted on PGA felt
(PGA felt with smooth muscle tissue). Two types of scaffolds
were fabricated: in the KF(–) group (n5 6: A-1 to A-6), hu-
man amniotic membrane alone was sheeted on PGA felt with
smooth muscle tissue (Figure 1, A); and in the KF(1) group
(n5 6: B-1 to B-6), autologous oral keratinocytes and fibro-
blasts on human amniotic membrane were sheeted on PGA
felt with smooth muscle tissue (Figure 1, B). The scaffolds
were rolled around a polypropylene tube that was 3 cm in
length and 2 cm in diameter and wrapped with the omentum
using 3-0 Vicryl sutures (Ethicon, Inc, Somerville, NJ) (Fig-
ures 1, C and D). The abdominal incision was closed in 2
layers with 1-0 silk sutures.
Esophageal Replacement Procedure
Esophageal replacement was performed 3 weeks after the ab-
dominal implantation. The scaffolds developed into soft tu-
bular tissue (Figure 1, A and B). They were elevated into
the right thoracic space through the right hemidiaphragm as
a pedicle graft. Before replacement, biopsy specimens of
the scaffolds were obtained for microscopic analysis. Gastro-
stomy was performed and the abdominal incision was closed.
A right thoracotomy was subsequently performed through
the fifth intercostal space, and the thoracic esophagus was852 The Journal of Thoracic and Cardiovascular Surgery c Ocmobilized 5 cm from diaphragm. A 3-cm length of the esoph-
agus was resected and replaced by the graft. The anastomosis
was completed with 3-0 Vicryl sutures (Ethicon) (Figure 1,
C). Metal clips were placed at the cut ends of the native
esophagus as markers (Figure 1, D). The chest incision was
closed in 2 layers with 1-0 silk.
Postoperative Procedure
The dogs were allowed free access to water and were fed calf
milk replacer (Snow Bland Seed, Sapporo, Japan), 80 calo-
ries/kg per day, through the gastrostomy for 7 days. Subse-
quently, oral feeding was reintroduced with calf milk
replacer and solid diet (Oriental Yeast, Tokyo, Japan). An
antibiotic (cefazolin sodium 50 mg/kg per day, intramuscu-
larly) was administered for 5 days. The contrast medium,
an amidotrizoic acid (Gastrografin; Schering, Osaka, Japan)
mixed with milk, was given once a week after the esophageal
reconstruction. While the dogs drank this contrast medium,
esophagography was performed. The side views of esopha-
gography of the intrathoracic esophagus were taken and
peristalsis and food passage were evaluated. One dog was
humanely killed at each of the following times: 10, 20, 50,
and 70 weeks after the replacement operation, or when they
were no longer able to eat. The differences in outcome be-
tween the KF(2) group and the KF(1) group were measured
by the c2 test.
Histologic, Immunohistochemical, and
Immunofluorescence Analyses
Tissues were fixed with 10% buffered formalin, processed for
embedding in paraffin, sectioned at 4-mm thickness, andFigure 1. Surgical technique of esopha-
geal replacement. A, The graft did not
show any infection or adhesion to the
abdominal cavity. B, The tube stent
could be easily removed, and the scaf-
fold developed into soft tubular tissue.
C, The thoracic esophagus was mobi-
lized, and a 3-cm length was resected
and replaced by the graft. The anasto-
mosis was completed with 3-0 Vicryl
suture (Ethicon). D, Metal clips (arrows)
were placed at the cut ends of the
native esophagus as markers.tober 2008
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stained immunohistochemically by use of an Envision1/
HRP detection system (Dako, Kyoto, Japan). In brief, endog-
enous peroxidase activity was blocked with a peroxidase
blocking reagent (Dako) for 5 minutes. Next, the sections
or fixed cells were incubated with mouse monoclonal anti-
bodies against a-smooth muscle actin (a-SMA; Dako)
and cytokeratin MNF116 (Dako) for 1 hour at room
temperature. The sections were then incubated for 30
minutes at room temperature with peroxidase-labeled
polymer conjugated to goat anti-rabbit or goat anti-
mouse immunoglobulin. They were incubated with dia-
minobenzidine chromogen for 5 minutes, counterstained
with hematoxylin, and mounted with a coverslip. Be-
tween each step, the sections were rinsed gently with
Tris-buffered saline. Control sections were incubated
without the primary antibodies.
Results
Autologous Oral Mucosal Epithelial Sheets
After 1 week in culture, the keratinocytes proliferated well
and covered the amniotic membrane completely. The kerati-
nocytes were then stained with Lugol solution (compound io-
dine glycerin) (data not shown). Fibroblasts penetrated the
amniotic membrane, and the keratinocytes stratified into 4
to 5 layers (Figure 2).
ITEE
Three weeks after abdominal implantation, the graft main-
tained a tubular structure without any infection or adhesion.
The stent was easily removed; there was no adhesion between
the luminal epithelial layer and the stent. The graft was ele-
vated into the right thoracic space through the right hemi-
diaphragm as a pedicle graft. Among the biopsy specimens
of the ITEE of the KF(1) group, all but 2 cases showed
a well-differentiated luminal surface with stratified keratino-
cytes and thick connective tissue similar to the smooth mus-
cle tissue, although the amniotic membrane and PGA felt
remained (Figure 3, A to E). The biopsy specimens of B-2
and B-4 showed degeneration of keratinocytes and desqua-
mation of the epithelial layer of ITEE.
Postoperative Contrast Examination and Outcome
In the KF(2) group, strictures were observed 1 week after the
esophageal replacement. These strictures progressed to almost
complete esophageal obstruction within 2 to 3 weeks (Table 1
and Figure 4, A and B), although there were no infections or
adhesions of the thoracic cavity (Figure 4, C). B-1, B-3, B-
5, and B-6 showed good passage immediately after esophageal
replacement, and there were no problems with oral feeding
(Table 1). At 8 to 11 weeks after esophageal replacement, 2
cases (B-2 and B-4) had strictures, probably because of epithe-
lial layer desquamation. In the contrast study, the ITEE
showed good distensibility. Esophageal peristalsis transferredThe Journal of Thofood to the stomach, despite the absence of peristaltic activity
in the ITEE itself (Figure 5, A toD). As for the number of stric-
tures, the KF(1) group had significantly fewer (P 5 .014).
Macroscopic and Microscopic Examinations
In the KF(2) group, the graft surface was rough and showed
cicatricial strictures (Figure 4, D). Inflammatory cells and
Figure 2. Histologic and immunohistochemical features of the
oral epithelial cell sheets. A, Hematoxylin and eosin staining. B,
Immunostaining for cytokeratin MNF116. C, Immunostaining for
a-smooth muscle actin (a-SMA) of autologous oral mucosal epi-
thelial sheets. (Original magnification: 3200.) Fibroblasts pene-
trated the amniotic membrane, and the keratinocytes were well
differentiated and stratified into 4 to 5 layers.racic and Cardiovascular Surgery c Volume 136, Number 4 853
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completely cover the surface, although a few transitional ep-
ithelial cells lined the luminal graft surface at the anastomosis
sites. In the KF(1) group, the ITEE surface was smooth, sim-
ilar to the native esophageal surface. There were no strictures
or esophagitis in the dogs B-1, B-3, B-5, and B-6 (Figure 5, E
and F), although dogs B-2 and B-4 showed stricture. Strati-
fied keratinocytes covered the ITEE surface. While the
ITEE surface contained smooth muscle–like tissue, no glan-
dular structure was observed (Figure 6). The ITEE surfaces of
B-1, B-3, B-5, and B-6 showed thicker smooth muscle–like
tissue and a well-differentiated epithelial layer (12–15 layers)
than the ITEE surfaces in B-2 and B-4 (2 to 3 layers). The
smooth muscle cells of the ITEE showed polarity with time
in B-1, B-3, B-5, and B-6. The thickness of the squamous ep-
ithelium, muscularis mucosa, and smooth muscle tissue of
the ITEE was similar to the thickness of the adjacent native
esophagus.
Discussion
Recent advances in the field of tissue engineering allow re-
generation of many tissues and organs for clinical use.11,12
In the field of esophageal regeneration, some experiments
with animal models have been reported in the past.13 Grik-
scheit’s group14 reported the use of tissue-engineered esoph-
agus, which they developed using intestinal organoids
harvested from neonatal rats. Application of their procedure
to humans, however, has multiple problems, such as ethical
issues, the requirement of long-term immunosuppression,
and the availability of large amounts of neonatal tissue.15,16
Badylak and colleagues17,18 used an extracellular matrix
scaffold for esophageal regeneration in the canine model.
Figure 3. Histologic features of the
grafts of the KF(1) group (dog B-3), in
situ tissue-engineered esophagus
(ITEE). Hematoxylin and eosin staining
is shown in A, B, and D. C, Immunostain-
ing for cytokeratinMNF116. E, Immunos-
taining for a-SMA. B to D, High-power
views of the boxed regions in A. (Origi-
nal magnifications: A, 340; B and C,
3400; D and E, 3200.) The surface of
ITEE was covered by 4–5 layers of strat-
ified, well-differentiated cells. The con-
nective tissue of ITEE was similar to the
smooth muscle tissue.854 The Journal of Thoracic and Cardiovascular Surgery c October 2008
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mucosa19-23 in rat models. Badylak and associates17 reported
that extracellular matrix with adjacent muscle tissue showed
no stricture and clinically acceptable results for treatment of
esophageal ulcerations after endoscopic submucosal dissec-
tion. Small intestinal submucosa and extracellular matrix
were also xenobiotic material and have a potential for un-
known viral infection. The ITEE materials used in this study,
specifically, PGA felt, have already been used clinically,8-10
and human amniotic membrane has already been used clini-
cally for tissue-engineered cornea or skin5-7,24; furthermore
we used autologous oral mucosal cells and sera. Thus, the
TABLE 1. Summary of outcome and survival time
Group Dog No. Survival time (d) Outcome
KF(2) A-1 19 Stricture
A-2 22 Stricture
A-3 18 Stricture
A-4 17 Stricture
A-5 24 Stricture
A-6 19 Stricture
KF(1) B-1 70 Planned death
B-2 28 Stricture
B-3 140 Planned death
B-4 56 Stricture
B-5 350 Planned death
B-6 420 Planned deathThe Journal of Thoruse of ITEE avoids transplantation problems such as rejec-
tion, infection, long-term immunosuppression, donor scar-
city, and related ethical issues.
Yamamoto,25 Takimoto,26 Hori,27 and their associates pur-
sued organ tissue engineering with autologous cells and used
collagen scaffolds, either alone or seeded with autologous
mesenchymal stem cells, for cervical or intrathoracic esopha-
geal regeneration in canine models. However, their procedure
required prolonged retention of a silicone tube, and the regen-
erated intrathoracic esophagi developed strictures owing to the
lack a muscle layer, which is essential for maintenance of the
luminal caliber. This study showed that no strictures devel-
oped in the ITEE immediately after esophageal replacement.
Food passage was good, and there were no complications of
feeding a normal diet for 420 days. The thickness of the squa-
mous epithelium, muscularis mucosa, and smooth muscle tis-
sue of the ITEE was similar to the thickness of the adjacent
native intrathoracic esophagus. Furthermore, ITEE exhibits
good distensibility and physical strength; however, it does
not have esophageal glands or peristaltic activity. Esophageal
reconstruction does not necessarily require peristalsis or
esophageal mucus in the graft. In fabricating an artificial
esophagus, we believe ITEE has the necessary functions.
Within a few weeks of the esophageal replacement, the
grafts in the KF(2) group showed strictures. Inflammatory
cells and connective tissue infiltrated the grafts, which also
showed scar formation. We did not observe smooth muscle
tissue. We believe this resulted from chronic infection onFigure 4. Postoperative contrast study:
macroscopic findings and histologic fea-
tures of the KF(–) group (dog A-2). A and
B, This esophagogram is the side view
of the intrathoracic esophagus. The right
upper corner indicates the oral side and
the left lower corner indicates the anal
side. The arrows indicate metal clips at
the cut ends of the native esophagus. A,
At 1 week after esophageal replacement,
the graft showed a stricture. B, At 22 days
after esophageal replacement, the graft
showed almost complete obstruction. C,
No infection or adhesion of the thoracic
cavity noted. D, The surface of the ITEE
was rough and showed a cicatricial
stricture.acic and Cardiovascular Surgery c Volume 136, Number 4 855
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KF(1) group, epithelial cell sheets may protect the underly-
ing smooth muscle tissue layer from bacterial exposure. Ba-
dylak and associates17 reported that strictures formed during
esophageal reconstruction using an extracellular matrix scaf-
fold without adjacent muscle tissue. In our study, grafts with-
out smooth muscle tissue developed strictures within a few
weeks (data not shown). These results suggest that, similar
to the epithelium, muscle tissue is necessary to prevent the
development of graft strictures.
Two culture systems have been reported for oral epithelial
cell sheets. The first used temperature-responsive culture
inserts4,28 and the second used human amniotic mem-
brane.5-7 We used human amniotic membrane to create an
oral mucosal epithelial cell sheet because it has favorable
biological properties such as poor immunogenicity, anti-in-
flammatory properties, and surgical operability.5-7 Currently,
the preferred method for cultivating oral epithelial cells re-
quires the use of xenobiotic materials such as fetal bovine se-
rum and 3T3 feeder cells. Inatomi,5 Nakamura,6,7 and their
Figure 5. Postoperative contrast study:
macroscopic findings of the KF(1)
group (dog B-5) at 350 days after esoph-
ageal replacement. A, Metal clips (ar-
rows) at the cut ends of the native
esophagus were detected, and place-
ment of the ITEE was confirmed by radi-
ography. B to D, Sequential photographs
of the contrast study. ITEE showed good
distensibility, and esophageal peristal-
sis smoothly transferred food into the
stomach. E, X-ray image of F. Metal clips
at the cut ends of the native esophagus
were detected by radiography. F, The
ITEE shows a smooth surface similar
to the native esophagus. The surface
showed no signs of stricture or esopha-
gitis. Histologic and immunohistochem-
ical features of the ITEE at the broken
line in F are shown in Figure 6.856 The Journal of Thoracic and Cardiovascular Surgery c October 2008
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rum, but they did use 3T3 feeder cells. We modified their
methods and used both autologous blood serum and autolo-
gous oral fibroblasts instead of 3T3 feeder cells. Our method
was simple and similar to previous reports: the cultivated oral
epithelium demonstrated 4 to 5 layers of stratified, well-dif-
ferentiated cells.5-7 The amniotic membrane degraded 6 to
8 weeks after implantation, and the implanted cell remained
Figure 6. Histologic and immunohisto-
chemical features of the KF(1) group
(dog B-5). A, Hematoxylin and eosin
staining at the broken line in Figure 5,
F. *ITEE; original magnification, 34. B
to D, High-power views of the boxed re-
gion in A; original magnification, 3100.
E, High-power view of the boxed region
in C; original magnification, 3400. He-
matoxylin and eosin staining is shown
in A, B, C, and E. D, Immunostaining
for a-SMA (B) showed the histologic
features of the native esophagus. The
arrow indicates the glandular structure.
The ITEE surface was covered by well-
differentiated, stratified (12–15 layers)
keratinocytes and showed thick smooth
muscle–like tissue that was similar to
that of the native muscle layer, but no
glandular structures.The Journal of Thoracic and Cardiovascular Surgery c Volume 136, Number 4 857
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to those of previous reports.5-7 Furthermore, oral wound heal-
ing was faster and had less scar formation when compared
with normal skin healing because of growth factors produced
by oral fibroblasts.29,30 Using oral fibroblasts may promote
the development of the epithelial layer and prevent scar for-
mation in ITEE, although we believe a key factor for prevent-
ing shrinkage of the graft is keratinocytes.
Within 3 weeks of abdominal implantation, the scaffold
received blood supply from the omentum and formed the
ITEE. When the period of abdominal implantation was less
than 3 weeks, the oral epithelial layer was only weakly ad-
herent and smooth muscle tissue did not form (data not
shown). In abdominal implantation periods greater than 3
weeks, the epithelial layer tended to degenerate and desqua-
mate (data not shown). Therefore, we fixed the abdominal
implantation period at 3 weeks. Nevertheless, this was not
sufficient since strictures developed in 2 cases of the
KF(1) group. These cases show epithelial degeneration
and desquamation of the graft before replacement. We be-
lieve the epithelial layer was important in preventing shrink-
age of the graft. For epithelial cell differentiation, air
exposure reduces intercellular spaces in superficial cells
and promotes the development of barrier function.31,32 To
improve the abdominal implantation procedure, it might be
effective to expose the scaffold surface to the air. In the fu-
ture, we plan to use a mesh tube stent instead of the polypro-
pylene tube stent, and we will take outside air into this stent
by tubostomy.
In this study, we developed a full-circumference and
full-thickness artificial intrathoracic esophagus, although
these ITEEs are too short to evaluate clinical utility. These
results, however, suggest that ITEE has potential for
esophageal reconstruction without using other digestive
tract tissues and will be useful for patients who are lacking
another suitable substitute. In the future, we plan to fabri-
cate longer segments of ITEE by this procedure and eval-
uate the function compared with stomach or intestine in an
animal model.
Conclusion
Our results show that ITEE can replace the intrathoracic
esophagus in a canine model. This procedure offers a promis-
ing surgical approach to esophageal diseases. In the future,
we plan to fabricate longer segments of ITEE by this proce-
dure and evaluate the function compared with stomach or in-
testine in an animal model and investigate the long-term
safety of this procedure.
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